Background: Congenital fibiosis of the extraocular muscles (CFEOM1) refers to a group of congenital eye movement disorders that are characterized by non-progressive restrictive ophthalmoplegia. We present clinical and surgical data on affected members of a classic CFEOM1 family.
Background
Congenital fibrosis of the extraocular muscles (CFEOM) refers to a group of congenital eye movement disorders that are characterized by non-progressive restrictive ophthalmoplegia. An early description of CFEOM was given by Baumgarten in 1840 [1] and Heuck is credited with the first report of a familial occurrence in 1879 [2] . Affected individuals are born with their eyes fixed in an abnormal position, are unable to move them normally, and often develop a compensatory chin-up position to see. CFEOM is often associated with ptosis and depending on the subtype, can affect one or both eyes. Table 1 lists the general clinical features of CFEOM as classified by the Authors. Individuals with classic CFEOM are born with ptosis and their eyes in a hypotropic position which they are unable to elevate above the midline. In familial cases, affected family members may present with similar clinical phenotypes, or exhibit a range of clinical severity [3] [4] [5] [6] . If left untreated, CFEOM can result in amblyopia, if binocular vision is lost, and the patient may become a strict monofixator.
The CFEOM conditions were traditionally classified based on clinical differences and are referred to in the literature by many names including: congenital fibrosis of the extraocular muscles [7] [8] [9] [10] [11] ; general fibrosis syndrome [5] ; congenital static familial ophthalmoplegia [12] ; familial musculofascial anomaly [13] ; familial opthalmoplegia with co-contraction [14] ; congenital external ophthalmoplegia [3, 15, 16] ; and hereditary congenital external ophthalmoplegia [17] . As the genetic basis of these disorders became known, however, their classification changed to one combining both genetic etiology and clinical presentation. Therefore, clinical entities that have the same underlying genetic cause, regardless of clinical variations, are being grouped first by genetic aetiology and then by clinical differences [18] [19] [20] .
Three genetic loci for CFEOM have been identified (CFEOM1-3) [9, 10, [21] [22] [23] [24] [25] [26] [27] [28] While the aetiology of CFEOM is not fully understood, there is evidence of a neurological rather than myopathic basis. A neuropathologic examination of an individual exhibiting a classic CFEOM phenotype whose disease gene maps to the CFEOM1 locus revealed an absence of the superior division of the third cranial nerve and corresponding oculomotor subnuclei [11] , suggesting a primary neuropathic aetiology with secondary myopathic changes, rather than a primary myopathic aetiology.
This finding was similar to postmortem findings showing an absence of the abducens nucleus and abducens nerve in individuals with isolated Duane syndrome, another congenital non-progressive ophthalmoplegia [29, 30] . Furthermore, Gottlob described a patient with CFEOM and elevation of one eye during tooth brushing. This is the first of aberrant regeneration between the nerve to the superior rectus and the trigeminal nerve in a patient with CFEOM, and further supports a primary developmental abnormality of the cranial nerves in CFEOM [31] .
Treatment for CFEOM is primarily surgical and aimed at the elimination or improvement of an unacceptable head position, the reduction of ptosis, and/or the elimination or reduction of significant misalignment of the eyes [32] . Unfortunately, nothing can be done to correct the absence of eye movements. Apt and Axelrod [33] demonstrated that satisfactory cosmesis can be obtained with appropriate extraocular muscle surgery, that amblyopia can be successfully treated when recognized early, and that uncomfortable head position can be relieved with proper alignement of the eyes.
They used a strict sequence of surgical steps when the eyes are fixed in the down and out position, beginning with vertical, then horizontal muscle surgery, and finally, eyelid surgery. In case of recurrence of any appreciable degree of deviation, they performed reexploration, lysis of adhesions, and additional appropriate eye muscle surgery. Because the rectus muscle procedures often cause a change in relative eyelid position, blepharoptosis surgery is done [35, 36] proposed "maximal surgery" at the first procedure: unsutured tenomyectomy (9-10 mm) of the inferior rectus, exeresis of the lowerhalf fascias, recession of the conjunctiva; tenectomy of the superior oblique; and, when not absent, resection of the superior rectus. Despite this aggressive surgery, he has not experienced overcorrections to date. Three to four months later, he corrected ptosis, and, if it existed, the horizontal deviation; this simplified rational approach has been predictably efficient in his experience. Although treatment of these patients is difficult, visual rehabilitation can be achieved [37] . This is accomplished with occlusion for amblyopia and spectacle correction of refractive errors and anisometropia. The goal of strabismus surgery is to release muscle restriction and to align the eye as closely as possible to straight in primary position. Binocular vision is rarely attained post surgery, even with a good surgical result, and repeat surgery is often necessary if a significant amount of residual deviation gradually develops after surgical intervention [32, 33] . We present clinical and, if surgery was done, surgical data on ten affected members of a classic CFEOM1 family.
Methods

Pedigree
The family (3 generations) was identified in the ophthalmological clinic of the University of Naples "Federico II". The ten affected family members each underwent ophthalmologic (corrected visual acuity, examination of pupillary function, anterior segment and fundus), orthoptic (cover test, cover-uncover test, prism alternate cover test), and preoperative examinations.
To classify the degree of ptosis in our patients the amount of cornea left "covered" by the palpebrae was measured [38] . A baseline measurement of 2 mm for the non-ptosis state was calculated. Using this baseline measurements, the degree of ptosis was quantified as follows: Absence of ptosis:2 mm of cornea "covered"; Ist degree ptosis:4 mm of cornea "covered"; II degree ptosis: 5-6 mm of cornea "covered"; III degree ptosis: >6 mm of cornea "covered".
The amount of ptosis was measured without frontalis innervation, and during this process the frontalis muscle was immobilized using the hands, and the eyebrow was kept in the normal position. The type of surgery performed to correct ptosis depended on the level of the patient's eyelid levator function. Levator function was assessed by measuring the palpebral excursion [39] . This was done by doing a measurement from the point in the extreme down gaze to the point in the extreme upgaze. The levator muscle function (mm) was quantified as follows: 10-15 mm: excellent; 8 mm: good; 5-7 mm: sufficient; <4 mm: poor.
All affected members who had surgery (eight of the ten) also underwent postoperative examinations.
Prior to surgery we found that an evaluation of the function of the frontalis muscle is recommended because some varieties of complete congenital ophthalmoplegia involve the mimetic frontal muscles. In addition, the function of the lacrimal tears and sensitivity of the cornea should be tested. To avoid post surgical negative reactions (corneal exposure)treatment with artificial tears in the form of hydroxymethylcellulose, or polyvinylpyrrolidine alkaline eye drops and with simple ointement at night, is recommended after surgery.
Surgical Treatment
Eight of the ten affected members had surgery. Surgical procedures are listed in Additional File 1.
Results
Ten members of a fifteen-member, three-generation Italian family who are affected by classic CFEOM participated in this study ( figure 1, figure 2 ). All affected members were born with bilateral ptosis and varying degrees of ophthalmoplegia with both eyes fixed in a hypotropic position. None were able to elevate either eye above the horizontal midline. All affected members presented with a compensatory chin up position and head turn prior to surgical intervention.
Examination of pupillary function, anterior segment and fundus were normal in all ten affected members. Eight of the ten affected members underwent strabismus and ptosis surgery. Forced duction testing done during surgery of these individuals was positive, showing a restriction of eye movement. The affected family members' clinical presentations prior to surgery, surgical procedures performed and postoperative outcomes are shown in Additional File 1.
Case descriptions(the age of the patient shown for the year 2000)
Case I: 1 is a 66 year old man who was born with asymmetric ptosis (1 st degree in the right eye and 3 rd degree in the left eye), bilateral ophthalmoplegia with complete restriction of up-gaze and marked restriction of down-gaze. He has not had any surgery. He has esotropia of +30 prism dioptres, corrected visual acuity of 6/8 in right eye and 6/ 12 in left eye, and simple hypermetropic astigmatism. The levator function is absent in the left eye and sufficient (6 mm) in the right eye.
Case II: 2 is a 41 year old woman who was born with marked symmetric ptosis (3rd degree), bilateral ophthalmoplegia with complete restriction of up-gaze and marked restriction of down-gaze. She had exotropia of -30 prism dioptres, corrected visual acuity of 6/8 (RE) and 6/ 7 (LE), and simple hypermetropic astigmatism. The levator function was sufficient (5 mm) in both eyes. She had surgery in 1967 at age 8 years (Both eyes: recession Inferior Rectus Muscle(IRM)5 mm, resection Superior Rectus Muscle(SRM) 6 mm, eyelid levator resection 10 mm by skin approach) and in 1968 at age 9 years (RE: superior oblique tenotomy; LE: recession Lateral Rectus Muscle(LRM) 5 mm, resection MRM(Medial Rectus Muscle) 9 mm). Postoperative results showed an improvement in degree of ptosis (now mild) in both eyes, and exotropia changed from -30 prism dioptres prior to surgery to -10 prism dioptres. The patient was operated on all recti muscles, but did not have an anterior segmenti ischemia.
Case II: 4 is a 38 year old man who was born with marked symmetric ptosis (3rd degree), bilateral ophthalmoplegia with complete restriction of up-gaze and very marked restriction of down-gaze. He had esotropia of +20 prism dioptres, corrected visual acuity of 6/60 (RE) and 6/8 (LE), and simple myopic astigmatism. His levator function was poor (4 mm) in both eyes. He had surgery in 1967 at age 5 years (Both eyes: recession IRM 6 mm, resection SRM 6 mm), in 1968 at age 6 years (Both eyes: recession MRM 5 mm, superior oblique tenotomy) and in 1969 at age 7 years (Both eyes: eyelid levator resection 14 mm by skin approach). Postoperative results showed mild ptosis in both eyes, and a consecutive exotropia (-10 prism dioptres) in the right eye.
Case III: 1 is a 21 year old man who was born with marked symmetric ptosis of 2nd degree, bilateral ophthalmoplegia with complete restriction of up-gaze, very marked restriction of down-gaze and exophoriatropia OD. His corrected visual acuity was 6/20 (RE) and 6/8 (LE), and a simple hypermetropic astigmatism was present. His levator function was absent in both eyes. He had surgery in 1984 at age 5 years (both eyes: recession IRM 6 mm., conjunctival recession of 5 mm. LE: resection SRM 7 mm. RE: resection SRM 6 mm.) and 1986 at age 7 years (both eyes: suspension from frontalis muscle with autologous fascia lata). Postoperative results showed 1 st degree ptosis and exophoria-tropia OD.
Case III: 2 is a 20 year old woman who was born with very marked symmetric ptosis (3rd degree), and bilateral ophthalmoplegia with complete restriction of up-and downgaze. She had esotropia of + 25 prism dioptres and horizontal manifest-latent nystagmus. Her corrected visual acuity was 6/30 in both eyes and a simple myopic astigmatism was present. Her levator function was absent in both eyes. She had surgery in 1986 at age 6 years (both eyes: suspension from frontalis with autologous fascia lata, recession IRM 6 mm, recession of conjunctive 6 mm), in 1987 at age 7 years (RE : suspension from frontalis with autologous fascia lata, LE: recession MRM 8 mm) and in 1988 at age 8 years (both eyes: entropion correction). Postoperative results showed mild ptosis in both eyes (1st degrees), and the left eye showed consecutive exotropia (-10 prism dioptres).
Case III: 3 is a 15 year old girl who was born with very marked bilateral ptosis (3 rd degree), and bilateral ophthalmoplegia with an inability to move her eyes above the midline. She had exotropia of -30 prism dioptres (V alphabetical pattern), corrected visual acuity of 6/8 in both eyes and hypermetropic astigmatism. Her levator function was sufficient (6 mm) in both eyes. She had surgery in 1989 at age 4 years (both eyes: levator resection 8 mm by conjunctival approach) and in 1996 at age 11 years (both eyes: recession IRM 5 mm, conjunctival recession 4 mm; RE: recession LRM 8 mm and up displacement LRM 5 mm; LE: recession LRM 5 mm and up displacement LRM 5 mm). Postoperative results showed 1 st degree ptosis and exotropia was reduced from -30 to -5 prism dioptres in the RE.
Case III: 4 is a 13 year old girl who was born with very marked bilateral ptosis (3 rd degree) and bilateral ophthalmoplegia with complete restriction of both up-and down-gaze. She had exotropia of -20 prism dioptres (V alphabetical pattern), corrected visual acuity of 6/30 in both eyes and a myopic astigmatism. Her levator function was absent in both eyes. She had surgery in 1995 at age 8 years (both eyes: resection SRM 8 mm) and in1997 at age 10 years (both eyes: suspension from frontalis with autologous fascia lata, recession LRM 4, up displacement LRM 6 mm). Postoperative results showed that ptosis was a slightly improved after surgery (2 nd degree) only in the left eye, and strabismus was unchanged.
Case III: 5 is a 10 year old girl who was born with a very marked symmetric ptosis (3rd degree) and bilateral ophthalmoplegia with complete restriction of all eye movement. She had esotropia of +20 prism dioptres, corrected visual acuity of 6/8 in both eyes and a hypermetropic astigmatism. Her levator function was absent in both eyes. She had surgery in 1995 at age 4 years (both eyes: recession IRM and conjunctive), in 1996 at age 5 years (both eyes: resection RSM 6 mm) and in 1997 at age 6 years (both eyes: suspension from frontalis with autologous fascia lata; LE: Up transposition muscular belly MRM 7 mm; Up transposition muscular belly LRM 7 mm). Postoperative results showed 2 nd degree ptosis in the right eye, but ptosis in the left eye and vertical and horizontal strabismus were unchanged.
Case III: 7 is an 8 year old boy who was born with a very marked symmetric ptosis (3rd degree), and bilateral ophthalmopegia with complete restriction of up-and downgaze. He had exotropia of -30 prism dioptres, corrected visual acuity of 6/30 in both eyes and a hypermetropic astigmatism. His levator function was absent in both eyes. He had surgery in 1998 at age 6 years (both eyes: recession IRM 5 mm, recession of conjunctive and recession LRM 7 mm), in 1999 at age 7 years (both eyes: resection SRM 3 mm) and in 2000 at age 8 years (RE: resection MRM 6 mm). Postoperative results showed that a consecutive es- Case III: 8 is a two year old girl who was born with symmetric moderate ptosis (2nd degree) and ophthalmoplegia with complete restriction of up-gaze and moderate restriction of down-gaze. Her levator function was sufficient (6 mm). She has not yet had surgery.
Discussion
The surgical management performed on individuals with CFEOM in this study can be summarized as follows [40] : . If the SRM presented as a thin fibrous cord adhering to the sclera, surgery was not possible. If this was the case, to straighten the eye, the SRM was replaced with a portion of the superior oblique muscle which was resected and anchored to the sclera (III:7). If horizontal strabismus was present (esotropia or exotropia), surgery was performed on medial and lateral rectus muscles to reduce horizontal strabismus(II:2, II:4, III:2, III:3, III:4, III:5, III:7).
The type of surgery performed to correct ptosis depended on the level of the patient's eyelid levator function. The level of levator function in our patients was rated as sufficient, poor or absent. When the level of levator function was sufficient or poor (a measurement of approximately 4-5 mm), a resection of levator palpebrae by skin approach was done (II:2, II:4), or, in one case (III:3), with a levator function of approximately 6 mm, a resection of the levator palpebral by conjunctival approach was performed. When the levator function was absent (a measurement of < 4 mm), a suspension to the frontalis muscle was done (III:1, III:2, III:4, III:5).
Conclusions
Surgery on vertical muscles, associated with ptosis surgery, resulted in improvements in head position in all patients, with 3 of them (II 2, III 3 and III 7) achieving a normal head position. We obtained this result with a moderate amount of strabismus surgery for both vertical and horizontal deviation; we did not perform multiple supra-maximal surgeries and believe that different results achieved with different surgical approaches reflects mostly on the fact that CFEOM clinical features are variable.
On 14 operated eyes (7 patients) to correct ptosis, we had an improvement in 12 eyes, while 2 cases (III: 4 RE; III: 5 LE) exhibited no improvement. This is even when a suspension from frontalis by autologous fascia lata was performed. Careful attempts to avoid overcorrection of ptosis have prevented corneal exposure problems in all operated patients. The post-operative status of cornea is good in all operated patients. Even so, treatment with artificial tears in the form of hydroxymethylcellulose or polyvinylpyrrolidine alkaline eye drops and with simple ointement at night was recommended after ptosis surgery for six months in all patients.
In some cases (III:4, III:5), in spite of sugery performed on the vertical muscles and to correct ptosis, satisfactory results were not achieved. Unfortunately, this is a common outcome when these surgeries are performed on individuals with CFEOM and is related to the condition rather than any errors in how the surgeries were done. As the clinical features of the CFEOM are often variable, even in the same family, the surgical approach should be individualized to optimise success. 
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